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Summary
Within the framework of the Flysafe project, dedicated
tools aiming at improving flight safety are developed. In
particular, efforts are directed towards the development
of the Next Generation-Integrated Surveillance System
(NG-ISS), i.e. a combination of new on-board systems and
ground-based tools which provides the pilot with integrated
information on three risks playing a major role in aircraft
accidents: collision with another aircraft, collision with ter-
rain, and adverse weather conditions. For the latter, Weather
Information Management Systems (WIMSs) based on now-
casts of atmospheric hazards are developed.
This paper describes the set-up of a test-bed for the NG-
ISS incorporating two types of WIMS data, those related to
aircraft in-flight icing and thunderstorm risks. The test-bed is
based on convective-scale numerical simulations of a partic-
ular weather scenario with thunderstorms and icing in the
area of the Innsbruck airport. Raw simulated fields as well as
more elaborate diagnostics (synthetic reflectivity and satellite
brightness temperature) feed both the flight simulator includ-
ing the NG-ISS and the algorithms in charge of producing
WIMS data. WIMS outputs based on the synthetic data are
discussed, and it is indicated that the high-resolution simu-
lated fields are beneficial for the NG-ISS test-bed purposes
and its technical feasibility.
1. Introduction
The present work is conducted within the
scope of Flysafe (www.eu-Flysafe.org=), a 4-
year Integrated Project of the 6th framework of
the European Commission started on February
2005. The Flysafe project aims to increase flight
safety by improving information supplied to
flight crew members. The aim is to develop,
implement and validate the Next Generation-
Integrated Surveillance System, i.e. a combination
of new on-board systems and ground-based tools
which will allow pilots to have an accurate and
homogeneous view of the aircraft safety situation
during all phases of flight. It is designed to relay
information connected to the main causes of acci-
dents around the world: traffic and ground colli-
sions, and adverse weather conditions (ACARE
2002). Regarding this last item, specialized tools
for generating nowcasts of atmospheric hazards
are developed: the Weather Information Manage-
ment Systems. Four WIMS types feeding the
Correspondence: Olivier Caumont, Me´te´o-France=CNRS, 42 av.
Coriolis, 31057 Toulouse Cedex, France (E-mail: olivier.caumont@
meteo.fr)
NG-ISS are defined, each tackling one hazard:
wake vortices, clear air turbulence, thunderstorms
(CB), and aircraft in-flight icing (ICE). Only the
last two ones are addressed here.
This paper describes how new weather infor-
mation can be used in an existing full flight sim-
ulator (FFS), in order to implement the test-bed
dedicated to the NG-ISS developed in Flysafe.
By flying the FFS, pilots will make it possible
to test the technical feasibility of the whole sys-
tem and evaluate the usefulness of such new in-
formation. The FFS including the NG-ISS as
well as the algorithms producing the WIMS data
are supplied with a high-resolution simulation
of severe weather. This numerical simulation,
as source for all components of meteorological
products in the cockpit (WIMS as well as on-
board radar information from the FFS), provides
a consistent data set enabling comparison of all
these products. The Mesoscale Alpine Program
(MAP, Bougeault et al. 2001) Intensive Observing
Period 2B (IOP2B) precipitation event provides
the weather scenario. The MAP field campaign
(7 September to 15 November 1999) took place
over the Alps. It resulted from a coordinated ef-
fort to explore and understand the mesoscale
effects of complex topography on meteorological
events such as heavy precipitation and down-
slope windstorms that can cause significant dam-
age and constitute threats to aviation. Thus, the
IOP2B precipitating event provides the opportu-
nity to test the NG-ISS with respect to two risks
at the same time: adverse weather and complex
terrain.
The following section presents the general
data flow chart for the evaluation process of the
WIMS and the NG-ISS regarding weather ha-
zards. Section 3 details both the MAP IOP2B
case and the high-resolution simulation. In
Sects. 4 and 5, the processing of simulated data
by the FFS, and by the CB and ICE WIMSs is
described. Finally, a discussion about NG-ISS
test-bed assets and expected benefits from its im-
plementation concludes the paper.
2. Set-up of the NG-ISS test-bed regarding
weather hazards
Figure 1 shows the data flow chart feeding the
FFS (top right box). The FFS is a virtual cockpit
in which the NG-ISS was set up. A high-resolu-
tion numerical simulation (top left box) provides
synthetic data for both surface-based weather
centre (bottom box) and cockpit. On the one
hand, simulated meteorological parameters are
used to produce standard meteorological ob-
served and forecast products (METAR1,
SIGMET2, . . . ) and synthetic CB and ICE
WIMSs which are sent to the FFS including the
NG-ISS. On the other hand, meteorological
simulations feed the Airborne Doppler Weather
Radar (ADWR) database and another FFS com-
ponent which manages the atmospheric ob-
servations available on-board and the flight
aerodynamic aspect. Thus, the flight crew in the
FFS should have access to consistent on-board
weather radar data and hazard nowcasts, as these
are based on same original synthetic data. Simu-
lated meteorological data are supplied for the
Innsbruck Terminal Manoeuvring Area (TMA,
an area of approximately 200 200 km defined
for the FFS on Fig. 2b) for the 20 September
1999 during MAP IOP2b. From an aeronautical
point of view, this case is interesting on two
counts: the pilot has to cope with both bad weather
and complex terrain.
3. Numerical weather simulation
MAP-IOP2B lasted 2 days (19 and 20 Septem-
ber). It is one of the most intense rainfall epi-
sodes during the MAP field campaign which
allowed to perform studies on both ‘‘wet’’ and
‘‘dry’’ MAP events. It has been largely analysed
based on observations and atmospheric model-
ling. IOP2B orographic precipitation record the
largest number of papers; whose main conclu-
sions were combined and discussed by Rotunno
and Houze (2007).
The Meso-NH research mesoscale non-hydro-
static model (Lafore et al. 1998) is used here to
simulate this case. Meso-NH was previously run
on the same IOP to study both the Foehn in the
Rhine Valley (Jaubert and Stein 2003), and the
precipitation over the entire two-day period
(Asencio et al. 2003). Here, the same numerical
set-up is used: 2-way nested configuration with
three domains at 10, 2.5 and 1 km resolution,
respectively. The outer domain is the one of
Asencio et al. (2003), whereas the two inner do-
1
METAR: METeorological Airport Report, report on meteoro-
logical observations
2
SIGMET: SIGnificant METeorological Information, meteoro-
logical information both observed and forecasted
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mains have been shifted to include the Innsbruck
airport, located in the east–west oriented Inn val-
ley (Fig. 2).
The synoptic situation is a MAP typical
one: an eastward drifting front and associated
moist southerly flow impinging on the Alps.
Fig. 2. Inner nested-model domains with
geographical references. (a) 2.5 km mesh
model domain. The grey scale shows the
cumulated rain (mm) between 1330 and
1600 UTC on 20 September 1999. The
solid line square represents the 1 km
domain. The black point indicates
Innsbruck airport. (b) Orography of the
1 km domain (grey scale, (m)). The solid
line square represents the TMA (as used for
Innsbruck in the FFS)
Fig. 1. Concept of the NG-ISS test-bed
related to weather information (grey filled
frame). The upper right box represents the
FFS. The twoother boxes represent the
input to the FFS
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Southerly airstream first lost moisture over coast-
al mountains (i.e., the Ligurian Alps and the
Apennines), then over the main Alps massif.
The Meso-NH simulation starts at 1200 UTC
on 20 September. We focus here on the 1330–
1600 UTC time window corresponding to the
rainy period for the Innsbruck region. At that
time, the front has crossed the western part of
the Alps chain. The associated low-level jet is
located to the east of Corsica and generates first
precipitation over the Apennines. Thunderstorms
develop and are transported in a south-westerly
mid-tropospheric flow (Asencio et al. 2003;
Smith et al. 2003). Rainfall is then strengthened
over the Alpine relief, highlighting a strong oro-
graphic forcing as suggested by Fig. 2a. Focusing
on the smallest domain (Fig. 2b), precipitation
over the eastern slopes are also fed by a low-level
moist south-easterly flow from the Adriatic Sea.
Consequently, precipitating cells are located
over the south upwind slopes as revealed by the
comparison of Figs. 2b and 3. Convective cells
triggered and=or enhanced by orography are
embedded in a larger precipitating system. Max-
imum altitude of simulated convective cloud
top is 200 hPa. Primary ice is found above the
0 C-level located at about 600 hPa. Snow and
graupel particles are also simulated above the
700 hPa level (not shown). Although Innsbruck
is outside the heaviest precipitating area, a south-
erly aircraft approach towards the airport can turn
out to be delicate. Moreover, as mentioned above,
Foehn and gravity waves events in the northern
Alpine part were also analysed during the IOP2B
(in particular, Meso-NH reproduces a Foehn event
in the Inn Valley on the 20th afternoon, not
shown). The dynamics associated with these phe-
nomena can be dangerous for aircraft and urge
the pilot to considerably change the flight track.
Table 1 lists the Meso-NH meteorological
parameters provided to the FFS and WIMS al-
gorithms. CB WIMS considers cumulonimbus
as described by different processes occurring in
the upper (top volume) and lower (bottom vol-
ume) troposphere. These two volumes are pro-
cessed separately, as described in Sect. 5. It can
be noticed from Table 1 that FFS, including stan-
dard cockpit atmospheric probes, and ADWR
need high temporal and spatial resolutions, as
well as CB WIMS bottom volume diagnostics,
Table 1. Meso-NH output parameters delivered to FFS components and to WIMS algorithms. Spatial and temporal
resolutions are also indicated. FFS other refers to parameters from the Meso-NH model needed to simulate flight
atmospheric conditions, including informations provided by standard airborne atmospheric probes
1 km domain 2.5 km domain
Dt5 5min, Dx5 1 km Dt5 15min, Dx5 2.5 km



















Air density Reflectivity maximum Surface temperature
Relative humidity 18 dBZ altitude Temperature
Relative humidity
Fig. 3. Simulated reflectivity fields (grey scale (dBZ))
at 700 hPa and wind vectors at 800 hPa at 1400 UTC
on 20 September 1999 over the TMA area (defined on
Fig. 2b). The black point indicates Innsbruck airport
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which partly rely on Doppler radar observations.
On the other hand, regarding ICE WIMS and
CB WIMS top volume diagnostics based on
satellite information, a coarser resolution is suf-
ficient, both on temporal and spatial scales. Thus,
Meso-NH outputs were issued at 15 and 5 min
time steps over the 2.5-km and 1-km domains,
respectively. Simulated radar reflectivity data
were retrieved using a grid-point radar simu-
lator (Richard et al. 2003), and a radiative trans-
fer scheme adapted from the Radiative Transfer
for Television and Infrared Observation Satel-
lite Operational Vertical Sounder (RTTOV)
(Chaboureau and Bechtold 2005) allowed to sim-
ulate Infra-Red (IR) and Water Vapour (WV)
brightness temperatures, according to Meso-NH
simulated hydrometeors (cloud water, rainwater,
snow, primary ice, and graupel) and temperature.
4. Synthetic data processing by the full flight
simulator (FFS)
The research full flight simulator named GRACE
(Heesbeen et al. 2006) has a unique modular ar-
chitecture which allows both great versatility and
simulations with a high level of realism. A lot of
research specific software and hardware can be
integrated into GRACE with low effort and in a
short time. This is why it has been selected to
evaluate the NG-ISS, regarding weather hazards
in the scope of this paper. For this last purpose,
FFS configuration is schematized in the right box
of Fig. 1. The ADWR simulator provides out-
puts directly available for pilots on the Naviga-
tion Display. At the same time, ADWR outputs
are merged with WIMS products and standard
meteorological messages through the Weather
Data Fusion module. Weather Data Fusion
manages all the weather data and supplies the
Navigation Display with elaborate products. It
ensures, for example, the consistency between ex-
ternal (WIMSs, METAR, SIGMET, . . . ) and on-
board (ADWR, cockpit atmospheric probes, . . . )
identification of atmospheric hazards, and their
correlation and merging. The Navigation Display
should provide a congruous and accurate visuali-
zation of these new weather information pro-
ducts, among other functionalities related to
terrain and traffic hazards developed in the Fly-
safe framework, while offering a flexible inter-
face to pilots.
Meso-NH simulations directly feed the ADWR
database which includes outputs listed in Table 1.
Additional meteorological parameters (turbu-
lence, pressure, temperature, . . . see Table 1) are
also needed by the FFS in order to feed the aero-
dynamic simulation and the cockpit instruments
displays. During each 5-min interval, the ADWR
simulator interpolates the meteorological data
between the previous and the next snap shot.
The ADWR simulator considers the model-de-
rived reflectivity fields to obtain synthetic on-
board radar observations by assuming a conical
radar beam with a given aperture. Within each
resolution volume, several points are taken from
the reflectivity field. These points are normally
distributed along the radar beam cross-section,
in order to represent the antenna power distribu-
tion. The reflectivity values of resolution volumes
are presented on the Navigation Display as a
color-coded map. An example of such a radar
image can be seen in Fig. 4. With the use of a
terrain-masking model, the ADWR simulator is
also able to compute the ground returns of the
radar beam (not shown). The ADWR can esti-
mate wind speed along the radar beam in precip-
Fig. 4. Example of an ADWR simulation computed
from Meso-NH data, visible on the Navigation Display.
Shades of grey represent the reflectivity field: white,
light grey, grey, and dark grey indicate reflectivity
values between 20–30, 30–40, 40–50, and 50–70 dBZ,
respectively. The scale in the top gives the aircraft
heading (10, angle between north and direction that
the aircraft’s nose is pointing). Here, the aircraft is
flying northward at 3 km altitude. The ranges of the
radar (white dashed arcs) are given in nautical miles
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itating areas: this information is used to pre-
dict wind shear hazards within the radar range.
Depending on the location of the predicted wind
shear, the ADWR issues a caution or a warning
message.
5. Weather information management
systems: CB and ICE WIMSs
WIMSs are designed to improve the pilot aware-
ness of weather hazards. They are implemented
for three scales: the TMA, the regional and the
global scales. This partitioning has been deter-
mined in order to take into account the different
demands on meteorological information at these
scales. Also, the observation data availability
varies strongly among these scales. Hazards in-
formation is delivered using object-based models
specific to each area, implemented on-ground
and generating value-added products from ob-
servations and model forecasts. Thereafter, de-
scription of the baseline version of CB and ICE
WIMS on TMA scale is given, as well as their
results for the Innsbruck case.
CB WIMS
The baseline CB WIMS implementation delivers
a representation of observed and nowcast thun-
derstorm-related hazards through hazard objects
for two layers: the upper and lower parts of the
cumulonimbus (Cb), named Cb top volume and
Cb bottom volume, respectively. The bottom vol-
ume represents the aircraft related hazard’s heavy
precipitation, hail, in-flight icing, lightning and
wind shear in the lower part of thunderstorms,
i.e. the convective updraft region, while the top
volume addresses the hazard’s lightning and tur-
bulence in the upper anvil region.
The Cb top volumes are determined by the
thunderstorm tracking and monitoring (Cb-
TRAM) tool, a new fully automated algorithm
for the detection and nowcasting of convection
(Zinner et al. 2008). Originally, the detection is
based on Meteosat SEVIRI (Spinning Enhanced
Visible and IR Imager) data from the broad-band
high-resolution visible (HRV), WV 6.2 mm, and
IR 10.8 mm channels. These channels are com-
bined to identify three different stages of thun-
derstorm development: areas with convection
initiation, with rapid vertical development, and
with mature thunderstorm cells. For the latter,
lapse rate tropopause temperatures (WMO 1957)
are derived from ECMWF operational model da-
ta (ECMWF 2005) and used as an adaptive de-
tection criterion for convective cloud tops. This
stage is taken to represent the Cb top volume. Cb-
TRAM can detect convective updrafts within
thunderstorm complexes by exploring the rough-
ness of the satellite image in the HRV. This has
been shown to improve considerably the detec-
tion. The tracking is based on the geographical
overlap between current detections and first
guess patterns of cells detected in preceding time
steps. The first guess patterns are retrieved by
using the approximate moving direction and ve-
locity of a detected cloud pattern at time t 1
(with t¼ current time) in combination with a new
so-called pyramidal image-matching algorithm
(Zinner et al. 2008). This algorithm extracts the
general transformation vector field from two con-
secutive satellite images thereby describing the
cloud motion and local cloud developments.
Similar to the first guess patterns, nowcasts (short
range forecasts) up to 60 min are generated by
extrapolation and use of the pyramidal image-
matching algorithm. For this test-bed concept,
Cb-TRAM was applied to synthetic satellite
data for the first time. Synthetic WV and IR data
based on Meso-NH simulations were used in-
stead of Meteosat data. In addition, the lapse
rate tropopause temperatures were derived from
the Meso-NH temperature fields. Otherwise, no
changes were made in Cb-TRAM. However,
the HRV information is missing in the detection
since there was no synthetic Meso-NH data avail-
able for the visible channel. Therefore, updraft
regions cannot be isolated and the diagnosed
top volumes might be somewhat larger than with
the usual detection procedure which uses also the
visible channel. Figure 5a shows Meso-NH IR
brightness temperatures together with diagnosed
and nowcasted mature thunderstorm cells (Cb
top volumes, isolines) computed by Cb-TRAM
at 1400 UTC on 20 September 1999. The top
volume is detected in areas with low IR tempera-
tures (darker shades of grey). The grey and light
grey contours in Fig. 5a represent the 5 and
10 min nowcasts, respectively. These nowcasted
objects are displaced north-eastward in relation
to the reference dark grey object, in agreement
with the south=south-westerly upper-level flow,
and the temporal evolution of upper-level clouds
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simulated by Meso-NH between 1400 and 1410
UTC (Fig. 5b). This indicates that the Cb-TRAM
algorithm successfully works with the Meso-NH
synthetic satellite data and provides valuable
nowcast.
Cb bottom volumes processing is based on ra-
dar reflectivity data. The main diagnostics are
made with the COnvection Nowcasting Objects
(CONO) tools (Hering et al. 2005) which im-
plement real-time object-oriented interpretation
of radar data, in order to automatically identify
and track convective cells and=or convective sys-
tems. The CONO detection method is based
upon an adaptive reflectivity thresholding, de-
rived from the algorithms developed for the se-
vere thunderstorms satellite nowcasting product
Rapid Developing Thunderstorms (RDT, Morel
et al. 2002). The TMA mode provides forecasts
at a one-hour forecast range with a 5-min time
step for the first half hour, and 15-min thereafter.
For the simulation of Cb bottom volume pro-
ducts, the Meso-NH diagnostic package provided
two-dimensional (2D) fields (Table 1): (i) Zmax:
maximum reflectivity for each vertical column,
(ii) Htop: highest altitude where the 18-dBZ
reflectivity level is encountered, and (iii) VIL:
Vertically Integrated Liquid water content. In
the present stage of CB WIMS development,
Zmax reflectivity is used to define 30- and 40-
dBZ level contours for defining hazard objects,
while Htop will contribute to describe the hazard
objects vertical extension, and VIL is considered
as an alternate basic parameter for defining their
horizontal extension. The current practice is to
use a color-coding scheme showing levels above
30 dBZ in yellow and above 40 dBZ in red.
Rhoda et al. (2002) showed that 40-dBZ reflec-
tivity levels represent a major threat for aircrafts.
Areas with reflectivity above 40 dBZ are gener-
ally avoided during the en-route flight phase,
while constraints linked to the approach phase
may drive the pilots to penetrate these areas.
Reflectivity levels of 30 dBZ are avoided when
few constraints apply to the flight path. Figure 6
shows an example of the CONO tracking system
output for the MAP-IOP2B case at 1400 UTC.
Objects computed for the 30- and 40-dBZ reflec-
tivity levels (contour lines on Fig. 6a and b, re-
spectively) are drawn on the Meso-NH maximum
reflectivity field. It can be seen that the CONO
algorithm correctly detects cells contour for the
two thresholds. The diagnostic tracking is also
coherent with the main flows. The 30-dBZ object
(Fig. 6a) has a north=north-eastward motion in
accordance with the mid-level southerly flow.
Using the 40-dBZ threshold leads to refine the
diagnostic: individual active cell movements
within the overall large precipitating system dis-
Fig. 5. (a) Cb-TRAM Cb top volume diagnostic (dark grey isocontour) and nowcasts at 5 and 10 min (grey and light grey
isocontours, respectively) on Meso-NH IR synthetic satellite data over the Innsbruck TMA at 1400 UTC on the 20
September 1999. Darker shades of grey indicate low temperatures. Innsbruck airport is marked by letter I. (b) Meso-NH
cloud top height higher than 11 km altitude at 1400 (grey area) and 1410 UTC (black isoline)
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placement appear. In particular, orographic
effects on the cell motion are evidenced, such
as the channelling by the main valley (A) and
the deflection due to high summits (B). Work is
nonetheless underway to assess the quality of the
extrapolation based on such displacement diag-
nostics, especially when the 40-dBZ threshold is
considered.
ICE WIMS
Me´te´o-France has developed a system for the
identification of in-flight icing areas, named
SIGMA (System of Icing Geographic identifica-
tion in Meteorology for Aviation) (Le Bot 2004).
This is the ICE WIMS precursor system from
which a baseline version at TMA scale has been
developed. This baseline system is based on the
merging of three sources of data: (i) an icing
risk index calculated from the French Numerical
Weather Prediction model ALADIN (Aire
Limite´e, Adaptation dynamique, De´veloppement
InterNational) (Fischer et al. 2006), which has a
resolution of 0.1 , i.e., 10 km; (ii) the Meteosat-
8 IR brightness temperatures (4 km resolution);
(iii) the 2D reflectivity from the French opera-
tional radar network (1 km resolution). Each
piece of data can confirm or invalidate informa-
tion deduced from the others. The algorithm is
based on the warm cloud-tops theory (Pobanz
et al. 1994). The IR satellite imagery is first used
to identify the cloudy areas. Icing risk depends
on cloud top temperature. The 0 C to 18 C
range presents the highest risk of severe icing
due to super-cooled water presence. The addi-
tional information provided by the icing index
is then taken into account. It defines the areas
where both humidity and temperature conditions
are favourable to icing, for each vertical model
level separately. Finally, radar information is
used to identify the presence of precipitation or,
in case of weak radar echoes, the possibility that
droplets are suspended in the air. The algorithm
produces 3D grid point data, which shows cloudy
areas having humidity and temperature condi-
tions favourable to icing, using four different se-
verity levels. These intensity levels are defined as
follows: low icing risk, moderate, high, and high
with Supercooled Large Droplets (SLD). These
data are then converted to 2D objects indicating
icing intensity on pressure vertical levels (from
1000 to 400 hPa each 50 hPa). The algorithm
runs every 15 min with a horizontal resolution
of about 1 km centred on a given TMA.
For the test-bed framework, the baseline ICE
WIMS has been modified to enable the use of
synthetic data from Meso-NH simulations inputs,
instead of radar and satellite observations. ICE
messages diagnosed from Meso-NH synthetic da-
ta (Table 1) show a large area of high icing cov-
ering most of the domain (Fig. 7a). This large
extent is explained by relative humidity greater
than 80% over all this area, coinciding with neg-
ative temperatures (Fig. 7b), and=or significant
simulated radar reflectivities (Fig. 3). In the
Fig. 6. CONO results over the 1 km model domain at 1400 UTC on 20 September 1999 with a reflectivity threshold (thick
dashed contours) of (a) 30 dBZ and (b) 40 dBZ. The object’s gravity center track is indicated in white. Black vectors give
objects motion direction. Labels A and B are referred to in the text. The black cross marks the location of Innsbruck
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ICE WIMS algorithm, the presence of rain great-
ly enhances the severity of the diagnosed icing
because of the aerosols washout process. The
right agreement between the simulated satellite
IR temperature and the humidity fields, as well
as the surface temperature is warrant of the algo-
rithm good coherence. On the vertical, significant
icing risks extend from 650 to 450 hPa for the
whole period, corresponding to the layer with
temperature between 0 and 20 C.
6. Conclusions and outlook
This paper deals with one of the European
actions to maintain and improve the air safety
regarding weather hazards within the Flysafe
project. One of the Flysafe aims is to improve
the meteorological information relayed to the
cockpit. To reach this goal, a new integrated sur-
veillance system was developed: the NG-ISS,
which combines value-added data related to
weather, terrain and traffic hazards. New infor-
mation messages devoted to weather hazards were
defined: the WIMS products. Diagnostics of
ICE and CB WIMSs, warnings related to in-flight
icing and thunderstorm risks, were described for
the configuration peculiar to the airport approach
(TMA mode).
This study presents the use of numerical
weather simulations in a full flight simulator
test-bed, including the NG-ISS and WIMS mes-
sages. In the frame of the NG-ISS evalua-
tion phase, convective-scale atmospheric model
Meso-NH and GRACE flight simulator are used
together. Meso-NH simulations provide the me-
teorological environment needed by the flight
simulator. They also feed tools that issue both
standard meteorological products for aviation
and WIMS messages.
This test-bed set-up will allow to test whether
it is technically feasible to provide new weather
information from the ground (WIMS product) to
the cockpit and merge it with onboard data in
real time. From a meteorological point of view,
this set-up ensures the consistency of all infor-
mation flows: a numerical simulation of severe
weather is the only source for all components
of meteorological products in the cockpit, WIMS
as well as onboard radar or atmospheric probes
information. This enables a coherent comparison
between each individual meteorological product.
For the specific case of MAP-IOP2B precipi-
tating event, pilots in the FFS will be able to
evaluate the usefulness of the new weather pro-
ducts for a typical hazardous flight situation,
where both terrain and weather come into play.
Though this study is essentially focused on
hazards related to thunderstorm and in-flight ic-
ing, it is also conceivable to deal with others
aspects of this IOP, like Foehn or gravity waves.
More generally, MAP campaign constitutes a
valuable database to perform further evaluations.
Fig. 7. (a) ICE WIMS diagnostics over TMA area at 650 hPa at 1400 UTC on 20 September 1999. Icing risk is
represented in grey scale with 2 levels: moderate (light grey) and high (dark grey). (b) Meso-NH fields at 650 hPa of
relative humidity (%) and temperature (C) at 1400 UTC on 20 September 1999
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